Abstract -The mechanisms of action and physiological functions of two calcium-activated enzyme families, the calpains and transglutaminases, are discussed: 1. Both enzymes work via a covalent acylenzyme intermediate. Calpains, as other papain-like proteases, have a Cys and His residue in the active site, which in the ground state tend to form a thiolate-imidazolium ion pair. In the active site of tranglutaminasee only a Cys residue is usually considered, although data point to the participation of a His. Sequence analysis of transglutaminaees reveals two conserved segments with a His in each, either of which may be part of the active site. 2. The physiological functions of the two enzyme families are reviewed. Special attention is given to neuromodulatory (plastic) changes in the nervous system. Two cases are highlighted: a/ The R-subunit of CAMP-dependent protein kinase undergoes limited proteolysis in Drosophila brain, which prolongs kinase action and thus it seems to be part of an intermediate memory process. bl The covalent crosslinking of synaptic structures by transglutaminase may contribute to lasting information storage, as suggested by the dramatic increase in the amount of "isopeptide" bond in rat hippocampal slices during long-term potentiation (LTP), an experimental model of long-term memory.
INTRODUCTION
Among the effectors of the multifarious regulatory roles of calcium ions are the enzymes that cleave and synthesize peptide bonds. These are the enzyme families of calpains and transglutaminases, respectively. Both types of enzymes perform practically irreversible modification on proteins in vivo, and the two functions are, in a sense, of opposite character: while calpain degrades proteins, as a rule in a limited proteolytic process, transglutaminases build up large covalent protein assemblies by introducing crosslinks. Both enzyme families are ubiquitous in animal cells and are thought to participate in a variety of life processes. Before assessing these we consider some structural and mechanistic features of these enzymes pointing out established and likely similarities. Indeed, there seems to be remarkable parallelism between these enzymes both at the level of the chemistry of the catalyzed reaction and, in a quite different context, in their ability to subserve the maintenance of long-term cellular states ranging from skin cornification to memory.
STRUCTURAL-FUNCTIONAL PROPERTIES OF CALPAINS A N D TRANSGLUTAMINASES

Subunit and domain structure
Calpain (calcium-activated neutral thiol protease, EC 3.4.22.17) occurs in mammals as two isoenzymes, calpain I and 11, characterized in terms of their activation by uM and mM calcium concentrations, respectively (ref. These components constitute a versatile calcium-dependent cytoplasmic proteolytic system. Mammalian calpains are composed of a large subunit (Mr=80 kD) and a small subunit (Mr=30 kD); the catalytic activity resides in the large subunit, which consists of four domains, I through IV, from the N-terminus. The functions of domains I and I11 are unknown. Domain I1 corresponds to a cysteine protease (cf. below) and domain IV is a calmodulin-like unit with four calcium-binding EF-hand structures. The small subunit has a Gly-rich N-terminal segment surmised to mediate membrane adherence, and a C-terminal calmodulin-like domain, highly homologous to domain IV in the large subunit. 
Reactions catalyzed by calpain and transglutaminase
Calpain
Active site homologies of calpain and transglutaminase
Cysteine proteases have a highly conserved amino acid sequence around the active site Cys residue. As seen in Fig.2 , the observed similarity score, based on the log-odds score If a His residue is crucial for transglutaminase activity, it should be in a conserved segment of the enzyme. Analyzing the available amino acid sequences we found only two His residues, out of 12 to 20, that occurred in a conservative environment (Fig.3) .
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These His residues are 28 and 57-58 residues toward the C-terminus from the active site Cys. Although this distance is markedly shorter than that found in calpain (157 residues) and other cysteine proteases, it may be long enough for an appropriate fold in the steric structure. Site-directed mutagenesis of these histidines, as well as the unravelling of the 3D structure of tranglutaminase, will eventually test this hypothesis. Human erythrocyte band 4.2 protein was found to be homologous to transglutaminases (ref.lb), in particular around the active site Cys residue, which itself was replaced by an alanine; this protein is devoid of any transglutaminase activity. It is interesting to mention that in band 4.2 protein both the above histidines are replaced by glutamines. The proteins that so far were found to be cleaved by calpain, at least in vitro, fall into several categories. Although calpain acts on some peptides (e.g. enkephalins, somatostatin, etc.), its preferred substrates are proteins. These macromolecular substrates are enzymes, receptors, growth and blood clotting factors, cytoskeletal proteins, protease inhibitors (e.g. its own inhibitor, calpastatin) , and some other proteins. Limited calpain proteolysis often results in the activation of the enzymes, for example by abolishing the requirement for an activator. Prolonged exposure to calpain, however, destroys most of these proteins along with their activity so that activation is, as a rule, transient. Detailed lists of substrates can be found elsewhere (ref.19,33). The physiological and pathological processes in which calpains have been implicated are also numerous: regulation in signal transduction, muscle protein degradation (muscular dystrophy), cell fusion, aging, cataract formation, Wallerian degeneration (due to neurofilament degradation), etc. The ubiquity of calpains in mammalian cells suggests that, in addition to tissue-specific functions, they play some general "housekeeping" role, such as cytoplasmic protein catabolism. If so, then calpain is involved, directly or indirectly, in all life processes insofar as without calpains cells cannot exist. In fact, the failure to establish cell lines deficient in calpain supports this tenet.
PHYSIOLOGICAL FUNCTIONS OF CALPAINS A N D TRANSGLUTAMINASES
The connection of calpains with such higher order functions as learning and memory is particularly intriguing. Long-term synaptic changes, i.e. lasting modulations of transmission between nerve cells, are likely to be part of the mechanism underlying long-term information storage. These involve the restructuring and stabilization of cytoskeletal assemblies, also accommodating various signal-transducing proteins, in the nerve cell processes, mainly dendrites (ref. ) for the molecular mechanism of this learning process consists in the convergence of two stimuli on PKA: CAMP dissociates and activates PKA, while calcium activates calpain, which in turn produces a truncated Rp subunit. Since the avidity of Rp to recombine with the catalytic C subunit is markedly diminished as compared with unmodified R, the PKA activity will be substantially prolonged, thereby maintaining an altered phosphorylation state of specific substrate proteins and by the same token the altered behaviour. 
